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Fossil Vertebrates from the Basal Lincoln Limestone
of the Greenhorn Limestone (Upper Cretaceous)
in Southeastern Colorado
Christopher Gallardo*
Department of Biological Sciences

ABSTRACT

The basal Lincoln Limestone is a 95-million-year-old fossiliferous rock layer deposited under the Late

Cretaceous Western Interior Seaway in North America. Over 4,500 identifiable vertebrate remains were collected from
the stratigraphic horizon at a new fossil locality referred to as the Table Mesa locality in southeastern Colorado. Twentynine marine vertebrate taxa were identified comprising 13 chondrichthyans (cartilaginous fishes), 14 osteichthyans
(bony fishes), and two squamate reptiles (lizards). These remains were then sorted according to their taxonomic
similarities for faunal comparisons with other basal Lincoln Limestone localities. Proportions of common taxa at the
Table Mesa locality are similar to another basal Lincoln Limestone locality located about 100 km to the west where
remains of bony fishes also dominate.

INTRODUCTION

for the first time. The goal of this study is to determine

The Lincoln Limestone Member of the Greenhorn

the taxonomic composition of the fauna and compare it

Limestone is a sedimentary rock largely consisting

with the compositions of other basal Lincoln Limestone

of calcareous shale interbedded with limestone and

localities in Colorado and Kansas, which will allow for a

calcarenite beds that formed in the middle of an

broader understanding of the marine life across the WIS

epicontinental sea in North America known as the

during the deposition of the Lincoln Limestone.

Western Interior Seaway (WIS) (Hattin, 1975). The rock
unit, especially its basal part that formed during the

M AT E R I A LS A N D M E T H O D S

mid-Cenomanian 95 million years ago (Ma) (Shimada

The basal portion of the Lincoln Limestone at the Table

et al., 2006), is locally fossiliferous, containing numerous

Mesa locality is a calcarenite bed with sparsely visible

isolated vertebrate remains such as bones and teeth of

vertebrate fossils. Some calcarenite samples obtained

fossil marine fishes and reptiles (e.g., see Cumbaa et al.,

through digging and weighing a total of approximately

2010). The Table Mesa locality, located on the Comanche

2.3 kg (5 lb) were dissolved using household vinegar (i.e.,

National Grasslands in southeastern Colorado (Baca

5% acetic acid solution) to extract vertebrate remains.

County), bears a small exposure of the basal Lincoln

Whereas a few rock pieces were kept only partially

Limestone. The geology of the locality is briefly discussed

dissolved to preserve some fossils retained in rocks, the

by Shimada et al. (2006). However, here, the fossil marine

remaining disaggregated rock and fossil material were

vertebrates collected from the locality were examined

rinsed with tap water, dried, and sorted by size using USA
Standard Testing sieves with a 710 micrometer opening.

* Faculty Advisor: Dr. Kenshu Shimada, Department of Biological Sciences
& Department of Environmental Science and Studies

A small number of fossil specimens were handpicked
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when clearly visible to the naked eye, usually around 10

DISCUSSION

mm wide. The remaining disaggregated elements were

This study represents the first faunal study of vertebrates

picked under a Zeiss Stemi DV4 stereo microscope and

from the basal Lincoln Limestone at the Table Mesa

taxonomically sorted based on morphology. After the

locality. Most of the vertebrate taxa from the Table Mesa

collection and identification of the specimens, the most

locality have been reported from other Cenomanian

common fossils were placed into different groups to

localities in North America, and their modern taxonomic

allow for comparison with two other previously described

treatment and morphological descriptions can be found

Lincoln Limestone faunas (Shimada et al., 2006; Shimada

in the following sources: Welton and Farish (1993),

and Martin, 2008). All collected specimens are curated

Cumbaa et al. (2006), Shimada et al. (2006), Shimada

in the Vertebrate Paleontology collection of Fort Hays

(2007), Shimada and Martin (2008), Underwood and

State University’s Sternberg Museum of Natural History

Cumbaa (2010), and Cumbaa et al. (2010). However,

(FHSM) in Hays, Kansas (catalogue numbers: FHSM VP-

‘Rajidae

17610 – VP-17681). The exact location of the Table Mesa

‘Scincomorpha (Contogeniidae?)’ (FHSM VP-17675)

locality is also on file at the museum and shown in Figure

are new additions to other described mid-Cenomanian

2 (‘B’).

faunas. Other noteworthy vertebrate remains include: 1)

incertae

sedis’

(FHSM

VP-17638)

and

teeth of Ptychodus rhombodus (Fig. 1B) and Megachasma
R E S U LTS

comanchensis (Fig. 1J) marking the second known

The examined Lincoln Limestone samples yielded a

occurrences of these taxa (Shimada, 2007; Underwood

variety of vertebrate teeth and bones. Table 1 lists all

and Cumbaa, 2010); 2) the first case of a small distal-most

the taxa and specimens from the Table Mesa locality.

lateral tooth of Telodontapsis agassizensis characterized

In total, at least 29 taxa are identified, comprising 13

by a small nutritive pore not only on the lingual

chondrichthyans (cartilaginous fishes), 14 osteichthyans

protuberance of the root, but also on the labial side of the

(bony fishes), and two squamate reptiles (lizards) (Table

root base between the two root lobes (Fig. 1F; Underwood

1; Fig. 1). The most common chondrichthyan remains are

and Cumbaa, 2010); and 3) recognition of Rhinobatos

teeth of Squalicorax curvatus (Underwood and Cumbaa,

teeth from putative male (Fig. 1L) and female (Fig. 1M)

2010), followed by teeth of Carcharias saskatchewanesis

individuals.

(Table 1). The most common identifiable osteichythyan
fossils are teeth of Enchodus cf. E. gladiolus, followed

This faunal study follows methodology developed on

by teeth of Pachyrhizodus minimus (Table 1). Most

fossils from a locality located roughly 100 km to the west

specimens are well preserved; however, some fossils

of the Table Mesa locality referred to as the ‘Tobe locality’

are heavily abraded likely due to pre-depositional wave

(Shimada et al. 2006) and on fossils from several basal

action in which their exact taxonomic identifications

Lincoln Limestone outcrops in Russell County in central

are difficult (e.g., FHSM VP-17634). There are also many

Kansas (Shimada and Martin, 2008) collectively referred

vertebrate bones and teeth that are too fragmented for

to as the ‘Russell County locality’ here (Fig. 2). Therefore,

exact taxonomic identification (FHSM VP-17672 and VP-

an attempt was made to examine the relative proportions

17676) as well as many small phosphatic pebbles that

of vertebrate remains by taxonomic group from each of

are interpreted to be coprolites, or fossilized feces, of

the three localities (i.e., Tobe, Table Mesa, and Russell

uncertain origin (FHSM VP-17677)

County) to observe faunal differences among them. To
perform this comparative analysis, fossils were grouped
into six taxonomic categories commonly present at all
three localities: 1) Ptychodus spp., 2) ‘large lamniform
sharks’ (consisting of Archaeolamna, Cardabiodon,

— 71 —

https://via.library.depaul.edu/depaul-disc/vol1/iss1/6

2

llardo: Fossil Vertebrates from the Basal Lincoln Limestone
of the Greenhorn Limestone (Upper Cretaceous) in Southeastern Colora
D E PA U L D I S C O V E R I E S ( 2 O 1 2 )
Cretalamna, and Cretoxyrhina), 3) ‘small lamniform

(‘a’), ‘large’ lamniforms (‘b’), and ‘small’ lamniforms (‘c’)

sharks’ (consisting of Carcharias, Eostriatolamia, and

at the Russell County locality are considerably more

Telodontapsis), 4) Squalicorax curvatus, 5) Pachyrhizodus

numerous than at the Table Mesa and Tobe localities.

minimus, and 6) Enchodus spp. The groupings were

However, certain considerations must be incorporated

chosen to normalize the data collected at each locality

to properly interpret these proportional differences.

and to remove effects caused by rare taxa.

The Russell County locality actually represents several
distinct locations within the same general area (Shimada

This faunal comparison (Fig. 2) suggests that the relative

and Martin, 2008) unlike the samples from Table Mesa

proportions of vertebrate remains by taxa between the

(current study) and Tobe (Shimada et al., 2006). Also,

Tobe (‘A’) and Table Mesa (‘B’) localities are strikingly

analysis of the Russell County locality did conduct bulk

similar. At these two localities, remains of Enchodus spp.

sampling using acid (Shimada and Martin, 2008), but also

(‘f’) make up slightly over three-quarters (ca. 80–85%)

includes a large number of surface collected specimens.

of all included taxa, and the remaining five taxonomic

Surface collected specimens tend to be larger, more

categories (‘a’–‘e’) have roughly similar ratios ranging

easily visible with the naked eye, and thus this could

narrowly from 0.9% to 7.6%. This result is indicative of

contribute to the perceived relatively low proportions of

similar ecological and taphonomic conditions between

Enchodus spp (‘f’) and concomitantly skew the rest of the

the two sites. The vertebrate fauna can be described as

proportions to be large. Nevertheless, a larger proportion

a teleost-dominant assemblage because Enchodus and

of Squalicorax curvatus (‘d’), and to a lesser extent that of

Pachyrhizodus combined make up about 80–90% of

Ptychodus spp. (‘a’), seem to be noteworthy at the Russell

the total vertebrates collected and quantified. Because

County locality. S. curvatus is an opportunistic generalist

fossils from these two localities were collected through

feeder (Shimada et al., 2006) and is clearly common

bulk sampling by dissolving rock samples with acid,

during the mid-Cenomanian in the Seaway. However,

the relative proportions of the six taxonomic groups are

the abundant remains of Ptychodus spp., inferred to be

interpreted here to be a reasonable representation of

bottom-dwelling sharks, may be a reflection of the Russell

off-shore vertebrate fauna during the mid-Cenomanian

County localities’ closer proximity to the shoreline

in the mid-latitudinal region of the WIS. The striking

where water is more oxygenated relative to other basal

similarity between ‘A’ and ‘B’ of Figure 2 is further

Lincoln Limestone localities. It is also noteworthy that

intriguing given that the amount of bulk rock sample

remains of ‘large’ lamniforms (‘b’) that are inferred to be

examined in my study (Table Mesa locality; 2.3 kg or 5 lb

predaceous, feeding on large vertebrates, are rarer than

of rocks that yielded 4,507 specimens listed in Figure 3)

‘small’ lamniforms (‘c’) that presumably fed primarily on

is twenty times smaller than that examined at the Tobe

small fishes (Shimada et al., 2006) not only at the Russell

Locality (Shimada et al. 2006; 45 kg or 100 lbs of rocks

County locality but also at the other two localities. This

that yielded 17,616 specimens listed in Figure 3).

study suggests similar taphonomic conditions among
the Table Mesa, Tobe, and Russell County localities.

Comparisons of the Table Mesa and Tobe localities (Fig.
2; ‘A’ and ‘B’) with the Russell County locality (‘C’) show
that proportions of the examined six taxonomic groups
differ. Most notably, at the Russell County locality,
remains of Enchodus spp. (‘f’) make up less than half
(43.8%) of the total sample, and remains of Squalicorax
curvatus (‘d’) represent over one-quarter (31.7%) of the
total sample. Furthermore, remains of Ptychodus spp.
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TA B L E 1

List of vertebrate taxa from basal Lincoln Limestone at Table Mesa locality in southeastern
Colorado along with their specimen information (catalogue numbers and sample sizes).
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FIGURE 1

FIGURE 2

Fossil remains from basal Lincoln Limestone at Table Mesa locality

Paleogeographic map showing the eastern and western coastlines

in southeastern Colorado (all teeth unless otherwise indicated). A,

of Western Interior Seaway during Cenomanian (curved lines; after

Ptychodus occidentalis; B, Ptychodus rhombodus; C, Cretoxyrhina

Shimada et al., 2006, Fig. 1) along with position of three basal Lincoln

mantelli; D, Archaeolamna cf. A. kopingensis; E, Telodontapsis

Limestone localities, and pie diagrams showing relative proportions of

agassizensis; F, Telodontapsis agassizensis; G, Cretalamna

fish remains by taxa at each locality discussed in text. A, ‘Tobe locality’

appendiculata; H, Carcharias saskatchewanesis; I, Eostriatolamia

in southeastern Colorado (based on Shimada et al., 2006; total number

tenuiplicatus; J, Megachasma comanchensis; K, Squalicorax curvatus; L,

of specimens = 17,616); B, ‘Table Mesa locality’ in southeastern Colorado

Rhinobatos cf. R. incertus (presumed male); M, Rhinobatos cf. R. incertus

(this study; total number of specimens = 4,507); C, Russell County in

(presumed female); N, Rajidae incertae sedis; O, Cretomanta canadensis;

central Kansas (based on Shimada and Martin, 2008; total number of

P, Micropycnodon kansasensis; Q, Pycnodontidae; R, Pycnodontidae;

specimens = 3,271).

S, Caturidae(?) indet.; T, Actinopterygii indet.; U, Protosphyraena sp.; V,
Plethodidae indet.; W, Elopopsis sp.; X, Pachyrhyzodus minimus; Y, cf.
Albulidae; Z, Enchodus cf. E. gladiolus; AA, Enchodus cf. E. shumardi;
AB, Teleost indet. (species A); AC, Teleost indet. (species B); AD, Teleost
indet. (species C); AE, Coniasaurus crassidens; AF, Scincomorpha
(Contogeniidae?) (dentary bone). Scale: A-E, G, J, K, AF = 5 mm; F, H, I,
N, O−AE = 1 mm; L, M = 0.5 mm.
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